Brazilian animal livestock is in full expansion but linked to the use of veterinary drugs which may be considered as emerging contaminants. The study aimed to characterize the disposal of Animal Healthcare Service Waste (AHSW), especially of veterinary drugs, besides identifying the most used drugs in the city of São Joaquim municipality, southern Brazil. Eighty-four cattle ranchers were interviewed through a structured questionnaire with closed questions about drugs use and disposal of the AHSW. The active ingredients of drugs most used were the antiparasitic ivermectin (68% of properties) and the antimicrobial oxytetracycline (48%). After the use, the disposal of the AHSW, including expired drugs, leftovers and wrapper, was the disposal next to the domestic trash, burned and deposited in the soil. The Chi square test showed association between the age of the participants and the disposal of sharp objects (X 2 = 36,36, p= 0,020), showing that farmers aged above 60 years usually reuse, the ones who are 20 years old return to the place where they acquired the material and the rest adopts improper practices. The disposal practices of the AHSW adopted in the properties are still in disagreement with the current Brazilian legislation and may cause adverse effects on human, animal and environmental health.
Introduction
One of the wastes generated in animal production are the ones of the animal healthcare service, composed of plastic, paper, glass, cardboard, sharp objects, chemical or biological residue 1 . Of these, veterinary drugs that play an important role in the production of animal protein are emphasized, guaranteeing food for millions of people, and the class of antimicrobials is one of the most used in agriculture worldwide 2 . The increasing production of animal protein in an intensive system 3 and lack of clear laws and regulations on the use of antimicrobials has generated an often-irrational increase in antimicrobial consumption 4 . Among the countries with the highest consumption of antimicrobials to produce food of animal origin are China (23%), the United States (13%) and Brazil (9%), which indicates the potential contribution of these countries to the global load of antimicrobial resistance 4 . The excessive and subtherapeutic antimicrobials doses used in animal production and inappropriate waste disposal of animal healthcare services contribute to disseminate drug resistant pathogens, both in animals and in humans, posing a significant threat to public health 1, 4 .
Currently, the concept of One Health has been recommended as an effective approach to solve complex health problems involving multiple disciplines, representing an integrated vision of health, composed of three inseparable areas: human, animal and environmental 3 . Thus, One Health could be used to implement programs, policies, legislation and research in which multiple professional work together to achieve better public health outcomes, especially in the areas of food safety, control of zoonoses (diseases that can spread among humans and animals) and reduction of antibiotic resistance, that happens when bacteria change after exposed to antibiotics, making treatment difficult 4, 5 . Moreover, incorporating a One Health approach into public health policy is widely expected to increase efficiency and cost-effectiveness by minimize the overlap between human, animal and environmental health services 6 .
The main routes of entry of veterinary drugs into the environment are through urine and feces excreta from medicated animals, which contains metabolites of pharmaceuticals, soil fertilization consisting of animal waste, improper disposal of packaging, sharp objects, disposal of leftover and expired drugs in the urban solid waste collection network and direct release into the water of drugs used in aquaculture 7-9 .
Among the emerging pollutants, drug wastes pose a serious threat to human health and to environmental integrity 10 , with studies already detecting drugs in sewage, treated wastewater 7,11 , surface waters of rivers 11, 12 , river sediment 13 , drinking water for the human population 14 , and marine ecosystems 15 .
Pharmaceutical wastes found in increasing concentrations in the surface water of rivers for human consumption and effluents when not efficiently removed by treatment plants may cause serious toxic effects on human health 10 . Data from a study conducted by Locatelli, Sodré, Jardim 12 along the Atibaia river, an important water resource in Campinas, southeastern Brazil, evidenced about seven antimicrobials in water (penicillin, fluoroquinolone, sulfonamide, tetracycline, cephalosporin and diaminopyrimidine).
In Brazil, the National Solid Waste Policy (PNRS), represented a major advance for waste management, since it defined the classification of waste according to origin and as to hazardousness, by framing the drugs in the class of healthcare service waste, in addition to stimulating reverse logistics 16 . However, the PNRS does not provide for specific regulations for proper disposal of animal healthcare service waste, including expired drugs and veterinary treatment waste. The current National Health Surveillance Agency's Resolution (RDC nº 222/2018), also does not have a clear and accessible wording on the disposal of the animal healthcare service waste, and there is still no mechanism for verifying the application of reverse logistics for the collection of unused or expired veterinary drugs 17, 18 . There are only occasional programs of reverse logistics of human healthcare services waste in some states and municipalities, and such initiatives are still incipient and focused only on medicinal products for human use in urban areas and for healthcare facilities, they do not include the disposal of these wastes in the rural area nor veterinary medicinal products. In the present study the expression Animal Healthcare Service Waste (AHSW) was adopted to address the type of waste researched.
Data on the practices adopted for the AHSW disposal, especially veterinary drugs in rural areas, are still incipient in Brazil 1, 19 . The existing data refer to the disposal of medicinal products for human use, where it has been reported that the population disposes of drugs inappropriately, such as in the domestic trash, in the recyclable waste, in the toilet and sink, in addition, the population does not know about the current legislation and about the places of collection of these wastes, campaigns or public announcements that disclose their correct disposal 20 .
Therefore, it is necessary for the interdisciplinary and integrated action of the scientific community, cattle ranchers and regulatory authorities, veterinarians, physicians, to minimize the problems of environmental, human and animal contamination by veterinary drugs 8 , according to One Health assumptions. With this scenario in mind, this study aimed to know the practices adopted for the disposal of animal healthcare services waste, especially veterinary drugs (expired, leftovers and packaging) generated in the sanitary management of cattle on rural properties in southern Brazil, in addition to identify the most commonly used drugs in these properties.
Material and methods
This study evaluated the ways of disposing of animal healthcare service waste, especially veterinary drugs by means of a descriptive approach and quantitative method, with data collection through interviews with farmers who raise cattle and field observations. This study was approved by the Research Ethics Committee of the Planalto Catarinense University (nº 1,949,980).
Two rural areas were selected for convenience and accessibility in the municipality of São Joaquim, located in the state of Santa Catarina (28°18'19"S, 49°56'41"W), Brazil. According to the Köppen classification, the climate is Cfb, in other words, temperate humid, with temperate summer, without dry season, and the average annual temperature is 13.5°.
About 30% (6,183 inhabitants) of the municipality's population live in the rural area 21 , the local economy being sustained in animal husbandry and characterized by beef cattle ranching, however, it had a great economic boost with the apple cultivation, which began in the 1970s. According to the latest Brazilian agricultural census published in 2017, São Joaquim has an estimated population of 55,025 heads of cattle, being considered the fifth largest cattle herd in the state 22 .
Data collection was carried out between August and November 2017 with 84 rural farmers responsible for property management. The data collection instrument was a structured questionnaire with closed questions in a multiple-choice format, applied in the form of interviews with farmers. The collection instrument was developed to obtain information on: sociodemographic data of farmers; use of veterinary drugs, use of personal protective equipment; disposal of drug waste (leftovers, expired and packaging). In addition to the interview, a field observation was carried out, using a standardized script, where the types of inputs most used in rural properties were observed, such as syringes, needles, scalpel blade, gloves, serum bottles and drugs (antibiotics, anesthetics, analgesics, anti-inflammatories, hormones, antiparasitics, repellents, healing ointments, among others) and the form of storage and disposal of the wastes.
The participants were approached in their properties, and in the first moment, the objectives of the study and the reading of the informed consent term were presented. After the agreement and signing of the term, data collection lasted an average of 40 minutes.
In this study, the following inclusion criteria of the participant were adopted: the signing of the term; to be over 18 years of age; to own a property in one of the two selected locations, regardless of the number of heads of cattle and their use (for milk, cut or both).
After the organization of the database, they were submitted to descriptive statistical procedures (mean, percentage and standard deviation) and the results were presented in graphs and tables. A chi-squared test (χ 2 ) was also performed in the SPSS software (Statistical Package for the Social Sciences, version 20) to verify the possible association between the variables level of education and age with the forms of disposal of veterinary drug waste. It was used p ≤ 0.05 as the criterion for statistical significance.
Results

Characterization of rural properties and workers
In this study, data were collected from 84 farmers, of whom 85.4% were male and 14.6% female, with a mean age of 49 (SD± 15) years. The highest percentage of workers presented age between 41 and 60 years, followed by the age group above 60 years of age and between 21 and 40 years old (29.3% in both). Moreover, the population was represented by a low number of workers aged between 18 and 20 years (2.4%). Regarding level of education, most farmers (45.8%) have incomplete primary education, followed by those with full secondary education (18.1%). Only 3.8% of the population has technical education, 5.7% higher education.
About 90% of rural workers have their own land and their own cattle and only 4% are tenants. Of the farmers, 92% use family labor force and have a mean of three people (DP± 2 people). The properties of the study were distinct in size ranging from 2.5 to 475 ha. Cattle ranching was considered extensive in 96% of the properties. In the study area, a herd of 1,892 heads of cattle was counted, which represent 3.44% of the herd of the municipality.
Use of veterinary drugs in rural properties
Most of the study participants (72.8%) reported not having technical assistance, they only search for veterinarians and agricultural establishments when there is a need to diagnose and treat some disease in the herd. When questioned about where to obtain instructions for purchase and use of veterinary drugs, 62.3% seek help in technical assistance, 23.4% use non-oriented prescription (administer drugs for their own account), 7.4% by indication of third parties and 4.9% purchase the drugs based on the information obtained in the package insert.
Most producers (59.8%) were never instructed on how to store the purchased drugs. After the purchase of the veterinary drugs, 65.8% of the participants reported keeping them in the shed with other inputs, 20.3% in their own shelter, 3.8% reported to store them in the residence refrigerator and 2.5% in a refrigerator for the drugs. During drug application, 79.0% of participants do not use any personal protective equipment.
This study showed that antiparasitics (88.0%), antimicrobials (56.0%) and vaccines (54.7%) were the therapeutic classes with the highest percentage of use among the 84 properties of the study (graph 1). The active ingredients most used by farmers among the antiparasitics were Ivermectin (68.3%), followed by the synthetic chemotherapeutic that has as its main compound Diaceturate (21.5%) and Doramectin (17.7%) (table 1). Among the antimicrobials, the most used were oxytetracycline (48.0%), benzylpenicillins (20.2%) and dihydrostreptomycins (20.2%). In third place were the anti-inflammatories represented by piroxicam (24.0%). Despite being registered at a low percentage in properties, the following active ingredients used in pesticides were found: cypermethrin (acaricide), chlorpyrifos (insecticide), chlorfenvinphos (insecticide), dichlorvos (insecticide), deltamethrin (insecticide), citronellal (insecticide), diflubenzuron (growth regulator), abamectin (insecticide, nematicide) and fipronil (insecticide) (table 1). 
Disposal of animal healthcare services waste
Regarding the disposal of drug waste (leftovers and expired) and empty packaging, 79.7% of the interviewees revealed that they had never received information to carry out the proper disposal and only 20.3% had already received some information on how to dispose of packaging in agriculture. The practices adopted by farmers to dispose of leftovers from post-treatment drugs and expired drugs are presented in graph 2. Drug leftovers after use were reused at another time by 36.2% of farmers, however, 18.7% reported that after the application there are no leftovers. Nevertheless, 45% of the study participants still adopt some inappropriate practice for the disposal of these wastes, such as disposing them with domestic trash, they bury them, donate them to other people, burn or pour them on the sink drain. Expired drugs were disposed in the domestic trash by 21.0% of the sampled population, 14.4% were stored in the shed, 11.8% were returned to the place of purchase or buried (10.5%) (graph 2). Regarding the disposal of empty plastic and glass packaging and sharp objects (needles), the highest percentage of farmers reported disposing such waste at home with other wastes (table 2) . The data also showed that farmers also tend to bury glass (16.2%) and sharp items (16.6%), while the plastic bottles are burned by 25.6% of the interviewed farmers. 
Adopted practices
Expired drugs
Treatment leftovers
In figure 1 , there is a summary of the types of drug waste generated in the rural properties, the practices adopted for the disposal of the waste and the possible routes of contamination of the environment.
The variables related to level of education and age of the farmers were associated with the data obtained of the waste disposal of veterinary drugs. The chi-squared test showed a significant association (X 2 = 36.36, p= 0.02) between the age and the disposal of sharp objects, showing that farmers over 60 years old tend to reuse these objects, those in the age group of 41 to 60 years old burn the material, between 21 and 40 years dispose them in the domestic trash that is collected by the prefecture of the municipality and the farmers under the age of 20 years return the sharp objects to the place where they acquire the material.
There was also a significant association between the level of education and the way of obtaining instructions for the purchase and use of drugs (X 2 = 35.39, p= 0.026). The analysis showed that farmers with incomplete higher education usually make the acquisition and application of the drugs through the information contained in the package insert, while those with complete higher education make non-oriented prescription.
Discussion
Characterization of rural properties and workers
Aging and low level of education of rural farmers, in addition to the predominance of the male worker evidenced in this study seems to reflect a reality of agriculture. Similarly, the The low level of education added to the fact that 72.8% of the farmers do not have technical assistance evidences a worrying reality of the agriculture in the region of study. The unavailability of veterinary healthcare services to farmers and the lack of knowledge about the correct use of drugs may stimulate the use of over or sub-doses of drugs, generate difficulties to follow the instructions prescribed in the package insert and favor the suspension of the treatment before the end, which may cause adverse effects to the treatment of diseases 2 . The authors Manyi-Loh et al. 2 also report that many farmers with this profile rely on knowledge and advice from more experienced farmers and drug sellers.
The predominance of small farms managed by family labor in the study region (92%) was similar to that of the IBGE census (2006) for the southern region of Brazil, where 84% of agricultural establishments belong to the sphere of family farmers 23 . In the south of the Country, young farmers have migrated to cities in search of better education, a decision based on the reduced amount of land left to their children and low financial profitability, which hampers the modernization of properties and limits family leisure options 24 . Thus, the absence of successors in family agriculture in southern Brazil has generated uncertainties in the continuity of productive activities of rural families 25 .
Ribeiro et al. 26 emphasizes the importance of valorization and modernization of the Brazilian rural environment. According to the author, the current model of rural property is still centered on the conventional and conservative model. Hence, the properties of this study need to seek the concept of sustainable territorial development that aims to reduce the barriers between the rural and urban worlds through eco-development, social equity and appreciation of the workforce of family agriculture.
Use of veterinary drugs in rural properties
Among veterinary drugs, antiparasitics, especially the active ingredients ivermectin and doramectin, were the most used by farmers in this study. Ivermectin and doramectin, derivatives of avermectin, are among the most commonly used antiparasitics for the control of endoparasites and ectoparasites, however, their waste produces adverse effects on the environment, since their waste is ecotoxicological and affects different trophic levels, since it persists in the soil between 14 and 217 days 8, 27 .
The indiscriminate use and overdosage of antiparasitics in cattle ranching may lead to the spread of diseases among animals, undesired occurrence of residues in products from treated animals and resistance to active ingredients, posing a risk to human health 28 . In a study conducted by Souza et al. 29 , on the resistance of the helminths of cattle of the Plateau of Santa Catarina to anthelmintics, evidenced resistance of the gastrointestinal parasites of the genera haemonchus, cooperia, ostertagia and trichostrongylus to the use of ivermectin, to levamisole phosphate and to albendazole sulfoxide.
Another active ingredient used by the respondents of the present study was the antiparasitic diaceturate administered in cattle for the clinical signs of babesiosis and anaplasmosis. This drug has also been used in a study on the sanitary management of diseases of dairy cattle as a babesicide and successfully used as an alternative treatment of bovine cutaneous papillomatosis 30 .
Of the 22 commercial names of antiparasitics registered in this study, nine (40%) have an active ingredient similar to that of pesticides. In this case, the chemical exposure of antiparasitics that are equivalent to pesticides, such as organophosphates and pyrethroids, cause several adverse effects on the health of rural workers, such as muscle tremors and convulsions, endocrine changes and allergies 31 . According Silva, Moreira and Peres 31 , they state that the risks to the health of the rural worker are associated to the management of these veterinary products in the field, whose disinformation leads the producer not to use the Personal Protective Equipment (PPE) and to disrespect the grace period of each product. Another aggravating factor is that some antiparasitics used in veterinary drugs are not identified and labeled as pesticides 27 .
In the present study, the antiparasitics cypermethrin, chlorpyrifos, citronellal, fipronil, abamectin, sulfacetamine, diflubenzuron, dichlorvos, deltamethrin and chlorfenvinphos were all found, all with active ingredient of pesticides in their formulation. The dossier of the Brazilian Association of Collective Health also alerted health professionals and researchers, as well as representatives of social and environmental organizations, to the fact that veterinary products are subject to a legislation different from that of other pesticides, although they have equivalent functions (e.g., insecticides) and often present the same active ingredient of other pesticides for agricultural use 32 . The Brazilian legislation provides that the registration of pesticides must be evaluated by the interministerial committee composed of the Ministry of Agriculture, Livestock and Food Supply (Mapa), the Ministry of Health and the Ministry of the Environment, since the registration of veterinary pesticides is evaluated only by Mapa, thus, veterinary antiparasitics may have distinct toxicological classification from pesticides, although both have the same active ingredient.
Among antimicrobial class drugs, β-lactams represented by benzylpenicillin were the most used in the rural properties of this study (72% of the properties). This active ingredient is also called natural penicillin, used mainly for the treatment of mastitis in the dairy herd 33 . Residues of this active ingredient in products of animal origin may lead to allergic reactions in people sensitive to their compounds and may cause hypersensitivity 34 , rashes, urticaria, asthma and even anaphylactic shock 32 . Also, according to Jones 35 , between 5-10% of the world population is hypersensitive to penicillin, even in low concentrations.
Another antimicrobial widely used by farmers, oxytetracycline, representative of tetracyclines, is used in cattle for disease prevention and treatment and often used as growth promoters 36 . In a study conducted by Olatoie, Ehinmowo 37 , a high oxytetracycline residue index was shown, above the limits allowed in edible bovine products in Nigeria, indicating improper and generalized use of veterinary drugs.
Thus, inappropriate use of antimicrobials and antiparasitics in livestock may favor the presence of residues in foods derived from medicated animals, leading to the development of microbial and parasitic resistance, causing a reduction in the efficacy of these drugs 38 . Antimicrobial resistance is a growing threat to public health 2,39,40 . The use of antimicrobials to restore health or to ensure intensive production in livestock and agriculture promotes the selection of pathogenic bacteria, since most of these antimicrobials are not entirely metabolized, whose residues in the environment can trigger antimicrobial resistance in animals and humans 2, 39 . Many antimicrobials widely used in agriculture prescribed to treat production animals have the same mode of action or belong to the same classes as those used for humans 2 .
The control of bacterial resistance requires concomitant action among agriculture, education, health and media sectors 39 . The main areas of studies under the Food and Agriculture Organization of the United Nations (FAO) action plan for the period 2016-2020 on Antimicrobial Resistance (AMR) stand out: the need to deepen knowledge and threats related to AMR, improvements in monitoring and surveillance in agriculture and food, encouragement of good practices in agricultural and food systems, and use of required doses of antimicrobials 41 .
In addition, the One Health principles have emphasized the importance of involving multiple disciplines that represent an integrated view of human, animal and environmental health, thus contributing to the problem of antimicrobial resistance 3 . Human, animal, and environmental health are interrelated in such a complex way that the division among them is only didactic, and the goal of one health is to promote, improve and safeguard the well-being and health of humans and animals through close cooperation and collaboration among professionals in the human and animal medical and environment 42 .
In general, to mitigate the indiscriminate use of antimicrobials, without the prescription and guidance of a veterinarian or supervision, it is necessary to improve the guidance to farmers through training courses involving practices of hygiene, biosafety, sanitation, adequate facilities that support a healthy life of animals avoiding the occurrence of diseases or infections, improvements in nutrition, waste management, using vaccines to boost the immune system, as well as vitamins, minerals, plants, prebiotics, probiotics, bactericides and bacteriophages 2 . Moreover, healthcare worker interference should be dynamic including consumer orientation regarding the proper use and disposal of drugs 43 . In addition, the subject of public health and the assumptions of One Health need to be included in the curriculum of undergraduate healthcare courses, including veterinary and human medicine 42 .
Disposal of animal healthcare services waste
This study showed that many of the practices adopted for the disposal of AHSW in rural areas are inadequate. The highest percentages of glass, plastic and sharp objects waste were disposed in the domestic trash, while leftovers from treatment drugs were reused (36.2%), indicating that the acquisition of larger quantities than those prescribed for the treatment is occurring, that the dose administered was not according to the prescription and/or there is a need for fractionation of the marketed drugs. Another worrying datum is the high percentage (82.5%) of farmers who inappropriately dispose of expired drugs (domestic trash, soil and drain), while only 11.8% return them to the place where they purchased the pharmacological products.
The results regarding the disposal of waste of veterinary drugs show a worrying panorama of possible environmental contamination. A similar result was also reported in the study conducted by Sekyere 44 , which showed that farmers dispose of their antimicrobial containers in ditches, dumps or directly on the ground. On the other hand, animal healthcare services establishments manage their waste more adequately, closely associated with the regulations and requirements of Brazilian legislation in force with healthcare service providers. According to Amarante et al. 19 , in a study carried out in the Lages, SC, most veterinary clinics (43%) dispose of drug leftovers as contaminated waste, pet shops (69%) in specific containers for chemical residues, however, many veterinary hospital professionals (32%) were unaware of the procedures adopted at the establishment. Moreover, 36% of individuals who work at clinics return the expired drugs to resellers, 62% of professional at pet shops store put away in containers for chemical waste and the interviewees of the hospital (48%) were unaware of the adopted procedures 19 .
In Brazil, due to the lack of sanitary structure of sewage treatment, the occurrence of drugs in the waste, surface and underground water is inevitable. This is evidenced in IBGE 45 data that showed that only 52.2% of the Brazilian municipalities have a sewage collection service and 33.5% of the households are served by a sewage system. The inadequate disposal of drugs, especially in the domestic trash or in the sewage network, may contaminate water and groundwater resources 20 .
The location of the present study is situated on recharge areas of the Guarani Aquifer, considered the second largest aquifer in the world and it represents an important source of fresh water, whose physical characteristics of the Botucatu sandstone favor the contamination, mainly by chemical products. Thus, it is necessary to adopt agricultural and management practices that promote the rational use of pesticides and the proper disposal of animal healthcare services waste.
In addition to environmental contamination, improper disposal of these wastes can cause occupational hazards to recyclable waste pickers, as these wastes are composed of various materials including glass, sharp objects and drug leftovers, which may lead to accidents such as cuts, perforations and even non-oriented prescription 46 .
Many of the participants in this study also reported storing their drugs (packaging, expired and leftovers) along with other inputs. Sekyere 44 points out that unsafe storage practices under suboptimal conditions, vulnerable (in an easily accessible place for use of unauthorized people, including children) and in a location with temperature fluctuations, found on pig farms in an African country, may accelerate the decomposition of drugs, reducing their concentration and effectiveness.
In the present study, the practices adopted by farmers to dispose of waste were the disposal in the domestic trash, in the landfill and burning, which are ways of direct contamination of the environment. Studies carried out in different regions in Brazil also showed that the most common practice for the disposal of expired and drug leftover is in the domestic trash 20,47, 48 .
The form of disposal of residues of veterinary drugs seems to be explained by the lack of capacities of the sampled population, since 79.7% of respondents have never received information for the proper disposal of such waste. In addition, the practices adopted for the disposal of sharp objects are associated with the age range of farmers, whose younger participants tend to return this waste to the place where the veterinary inputs were purchased, an adequate form and recommended in current legislation. On the other hand, it was possible to observe that farmers with higher level of education treat animal diseases based on non-oriented prescription.
In general, this study showed that the practices adopted for the use, storage and disposal of animal healthcare service waste, especially veterinary drugs, in the rural area of the southern region of Brazil are being conducted in an inadequate manner, which may lead to environmental contamination and contribute to the load of antimicrobial resistance in the environment, human and animal health.
Conclusions
The forms adopted for the disposal of animal healthcare services waste on rural properties in a region of southern Brazil disagree with current Brazilian legislation and good production practices, which may have adverse effects on human, animal and environmental health. Although veterinary drugs are essential to produce sanitary quality food, it is necessary to implement improvements in current legislation to include instructions on the proper disposal of their waste (treatment leftovers, expired drugs and empty packaging, sharp objects), implementation of the reverse logistics for veterinary drugs, besides classifying the antiparasitic drugs as active principles of pesticides. In addition, it would be of great value to implement training courses for the actors involved in cattle ranching (rural producers, technicians, veterinarians) to guide them on the application and grace period of the drugs, current legislation, bacterial resistance to antimicrobials and proper management of animal health services waste. The results of this study may also contribute to the discussion on the role of the One Health approach in public health, considering that inadequate disposal of veterinary drugs can cause serious problems in public health. da pecuária familiar dos Campos e Matas de Araucária' (CNPq 441396/2017-8) and 'Avaliação de metais pesados em afluentes do rio canoas em área urbana de recarga do Aquífero Guarani' (Fapesc 2015TR1069).
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